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NADH indicated that the enzymatic reaction consists of two kinetic
components of the enzyme reduction: fast kinetics of the partial
reduction of FeS clusters with characteristic time shorter than the
dead time of stopped-ﬂow apparatus and slower phase of other FeS
cluster reduction with the resolved characteristic time of 0.7–0.9 ms.
These results are in good agreement with previous real time EPR
studies of Complex I by ultrafast freeze-quench approach [1–2].
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In chronic heart failure (CHF), alterations occur in cardiac
metabolism, mitochondrial enzyme content and activities. However,
little is understood about the inﬂuence of alterations in mitochon-
drial function on bio-energetics and contractile function in heart
failure (HF). A photometry-based technique was used to simulta-
neously measure force and autoﬂuorescence of NADH and FAD in
intact cardiac trabeculae. Additional, high-resolution respirometry
was used to assess mitochondrial function in CHF.
Monocrotaline (60 mg.kg−1) was used to induce right ventricular
HF (n = 15) and compared to saline (CON; n = 15). After 23 ±
1 days hearts were excised and the right ventricular trabeculae were
attached to a force transducer. Autoﬂuorescence of NADH (excitation:
340 nm; emission: 460 nm) and FAD (ex: 450 nm; em: 525 nm) was
recorded during transitions in pacing frequency at 27 °C. Oxygen
consumption (JO2) of saponin-permeabilised ﬁbres was measured
by respirometry. Mitochondrial volume density and ultrastructure
were assessed by electron microscopy and ETS protein content was
determined by Western immunoblotting. Upon an increase in pacing
frequency from 0.5 to 3 Hz, tension-time integral (ΔTTI) increased less
in HF compared to CON (3.2 ± 0.2 vs. 5.6 ± 1.4 fold). The rapid drop
in NADHwas related to ΔTTI in CON (R2 = 0.887, P b 0.001), but not in
HF. Steady-state NADH at 3 Hz was higher in HF than in CON and also
higher than initial values (P b 0.001). FAD responses showed a mirror
image. Maximal complex I-stimulated JO2 was ~6 times higher in CON
than in CHF (P b 0.001). Maximal mitochondrial oxidative phosphory-
lation, by complex I and II respiration, was ~2.5 times higher in CON vs.
HF (87 ± 41 vs. 227 ± 28 pmol O2.mg−1.s−1). The lower ﬂux control
ratio in HF (0.42 ± 0.13) vs. 0.22 ± 0.15 (CON, P b 0.001) suggests
complex I dysfunction. ETS protein content (complex I/IV in CHF: 90.6%
of CON) and mitochondrial density (21.1 ± 1.2 vs. 20.8 ± 1.0%) were
not different in CON and CHF, butmitochondria in HF showed disturbed
ultrastructure. These results indicate a bio-energetic dysfunction in
HF. Mitochondrial respiration was more severely affected in HF than
that predicted from mitochondrial ETS protein content or density.
Mitochondrial complex I dysfunction, and other factors such as ultra-
structural alterations and mitochondrial super-complex destabilisation
are contributing to a bio-energetic limitation in CHF. Supported by
CVON2011-11 ARENA.
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